Background: Evidence about the associations between maternal dietary patterns and preterm delivery is scarce in Eastern countries. The purpose of this study was to examine the associations between maternal dietary patterns during pregnancy and preterm delivery in a Chinese population.
Background
Preterm delivery, defined as birth before 37 completed weeks of gestation, is associated with short-term and long-term neonatal morbidity, and is one of the leading causes of neonatal mortality [1, 2] . Women who deliver preterm have a higher risk of developing cardiovascular disease than those who deliver at full-term [3] . Maternal nutrition can directly affect the growing fetus [3, 4] and considerable amount of evidence has strongly supported the role of diet in preterm delivery [5, 6] .
The incidence of preterm delivery is about 11.1% globally [2] . There are geographical variations of the prevalence of preterm delivery; and a maximum 10% of preterm births survive in low-resource settings compared with over 90% in high resource countries. China is one of the ten countries with the highest numbers of preterm deliveries [2] . The rate of preterm delivery in China was 7.1% in 2011 [7] , and was estimated to increase in future years [8] . Country specific actions might be considered to tackle factors influencing preterm delivery.
As an important modifiable factor, maternal diet has received considerable amount of attention in previous studies of preterm delivery. However, these studies have mainly focused on assessing the associations between single foods or nutrients and preterm delivery, and yielded mixed results [9] [10] [11] . It is not yet known whether the associations between maternal nutrition and preterm delivery are due to overall nutrition or deficiency of a particular nutrient [11] . It is challenging to distinguish the specific effects of single foods or nutrients because of their highly interconnected nature [12] . It might therefore be more useful to assess the whole foods or dietary pattern [12] , in order to obtain information valuable for nutrition interventions during pregnancy.
Dietary patterns can represent the combined effects of all foods consumed in a person's diet. To date, few studies investigated the associations between maternal dietary patterns and preterm delivery, and had varied findings [13] [14] [15] [16] [17] . Most of the evidence focused in western countries, including Denmark [13] , Norway [14] , America [15] , and Australia [16] ; while only one study was conducted among the Asian population [17] . Chia et al. in the Growing Up in Singapore Towards healthy Outcomes study (GUSTO) reported that vegetables, fruits, and white rice consumption is associated with a lower incidence of preterm delivery among a multiethnic sample in Singapore [17] . Dietary habits are population specific. Distinctive differences exist between the Chinese and the Western diets [18] . Chinese pregnant women have complex and diverse eating behaviors, and follow a set of dietary customs which are not extensively explored in the literature [19, 20] . The aim of this study is therefore to examine the associations between dietary patterns during pregnancy among the Chinese pregnant women and the incidence of preterm delivery.
Methods

Study design and population
The present study used data from the Born in Guangzhou Cohort Study (BIGCS), an ongoing prospective cohort study conducted in the Guangzhou Women and Children's Medical Center (GWCMC). The BIGCS aims to elicit the role of social, biological and environmental influences on pregnancy and child health and development. Methods of the BIGCS are detailed elsewhere [21] . Briefly, women were recruited during their first routine antenatal examinations (normally around 16 weeks, Q1) at two campuses of the GWCMC, and followed up at the second trimester (about 24 to 27 weeks, Q2) and at delivery. The inclusion criteria were women of less than 20 weeks gestation, of Chinese nationality, living in Guangzhou, intended to stay in Guangzhou with their child for at least three years after delivery. The protocols of the BIGCS were reviewed and approved in accordance with the standards of the Institutional Ethics Committee of the GWCMC. All participants gave written consent at the time of recruitment.
A flowchart of the selection process of the study population is shown in Fig. 1 . During February 2012 and April 2015, 15,772 eligible pregnant women were invited and 11,859 (75.2%) of them agreed to participate in the BIGCS. After excluding participants who had missing Q1 data (n = 545), pre-pregnancy hypertension (n = 10), pre-pregnancy diabetes (n = 23), occurrence of twin pregnancy (n = 228) or dropped out (n = 705), missing Q2 data (n = 2800), implausible dietary data (a weekly intake frequency of < 32, n = 45), terminations of pregnancy (n = 101), and missing delivery data (n = 50), there were 7352 mothers included in this study. Compared to the remaining 7352 women in the present analysis, women who missed Q2 data were younger, and more likely to have lower levels of education, income and pre-pregnancy body mass index (BMI) (Additional file 1: Table S1 ).
Dietary assessment
Information about dietary intake was obtained from a self-administered, non-quantitative food frequency questionnaire (FFQ) at the Q2 interview. This FFQ is a structured questionnaire on 64 specified food items (Additional file 1: Table S2 ), as well as additional questions regarding cooking oil, beverages, Chinese soup (normally cooked with meat and/or vegetables, of salty flavor and water-like texture [22] ), processed meats (such as Lap-mei, Siu mei) and Cantonese desserts. For each food item, participants were asked to indicate their frequency of consumption 'in the past week'. The FFQ has previously been validated using the BIGCS cohort data [23] . Briefly, a subsample of cohort participants (n = 210) completed (1) the first FFQ (FFQ1) at 24-27 weeks of gestation, (2) three inconsecutive 24 h dietary recalls during 29-31 weeks of gestation, and (3) the second FFQ (FFQ2) at 33-35 weeks of gestation. The crude Spearman correlation coefficients for consumption frequencies of food groups between FFQ1 and FFQ2 (0.33-0.71) and between FFQ2 and the average of three 24 h dietary recalls (0.23-0.62) are considered acceptable for dietary assessment during pregnancy [23] .
Individual food items were combined into 30 food groups according to a similar nutrient profile or culinary uses (Additional file 1: Table S3 ). The frequencies of intake of food groups were calculated by summing the weekly consumption frequencies of each food item in the group. The percentages (%) of weekly intake of the food groups were calculated as frequency of the food group intake divided by total frequencies of food intake for each participant. The variables of 'frequency' and 'percentage' reflect dietary intake from different perspectives. The variable 'frequency' reflects the exact frequency of individual food intake; while the variable 'percentage' considers the balance of frequencies from different food intakes. Both 'percentage' and 'frequency' variables were used to construct dietary pattern, respectively, with the application of cluster analysis. Since our purpose was to provide dietary advice for the general pregnant women, we believed the balancing of diet may be more informative than the specific frequency as the ideal amount of food intake should depend on individual energy expenditure status. Therefore, in this paper, results obtained from the 'percentage' variables were presented as the main results; while results obtained from the 'frequency' variables were presented as supplementary.
Cluster analysis was performed using the k-means procedure, as described elsewhere [24] . The K-means method was applied to classify participants into a predetermined number of mutually exclusive groups, by comparing Euclidean distances between each participant and each cluster center in an interactive process until no further changes occur. Several runs were conducted by varying the number of clusters from two to six, in order to identify the optimal one. The ratios of between-cluster variance to within-cluster variance for each food group [25] were compared across the number of clusters when the variables 'percentage' were used as input variables in cluster analysis (Additional file 1: Table S4 ). We believed that clusters identified from six-cluster solution could better reflect the diversity of participants' dietary characteristics and are more nutritional meaningful than that from three-cluster solutions. Based on the aforementioned determinations, we selected the six-cluster solution as the most appropriate solution when used 'percentage' variables as input variables. We also selected the six-cluster solution when used 'frequency' variables as input variables based on the nutritional meaningfulness of clusters. Cluster names were based on the food groups with highest content. These clusters are explained in the result section.
Assessment of preterm delivery
The primary outcome of this study was preterm delivery, defined as delivery at 36 + 6 weeks or below. Gestational age was confirmed by ultrasound examination in the first-or early second-trimester, and was documented in the routine medical record. Secondary outcomes of this study included spontaneous, iatrogenic, early/moderate, and late preterm delivery. Preterm delivery was classified into spontaneous (spontaneous onset of preterm delivery) and iatrogenic (induced or caesarean delivery on maternal or fetal indications) preterm delivery. Preterm delivery was also categorized into early/moderate (≤ 33 + 6 weeks) and late (34 + 0 to 36 + 6 weeks) preterm delivery, according to the gestational age.
Covariates
Information regarding potential confounders was assessed by self-reported comprehensive baseline questionnaire at Q1, including maternal age, education level (high school or below, vocational/technical college, undergraduate, postgraduate), monthly income (≤1500, 1501-4500, 4501-9000, or ≥ 9001 yuan), parity (primiparous, multiparous), passive smoking during pregnancy (no, yes), supplementation with # There are 2800 participants who did not attend our study clinic in their 24-27 gestational weeks and did not finish the Q2 questionnaire. However, these participants remained in the BIGCS cohort. We excluded them in the current analyses, as dietary information collected in Q2 was the key variable.
$ A weekly intake frequency of less than 32 was considered as the 'implausible dietary intake' data folic acid (no, started during pregnancy, or started pre-conception), pre-pregnancy weight (kg) and height (m), previous preterm delivery (no, yes). Pre-pregnancy BMI (kg/m 2 ) was calculated by dividing weight in kilograms by height in meters squared. Study participants were divided into three groups as follows: BMI < 18.5 kg/m 2 (underweight), BMI 18.5-23.9 kg/m 2 (normal), BMI ≥ 24 kg/m 2 (overweight or obese), according to the Guidelines for Prevention and Control of Overweight and Obesity in Chinese Adults [26] .
Statistical analyses
Descriptive statistics (i.e., mean, standard deviation, frequencies, and percent frequencies) were reported for all socio-demographic factors (age, education level, and monthly income), health characteristics (parity, passive smoking during pregnancy, pre-pregnancy BMI, previous preterm delivery, and supplementation with folic acid). These variables were cross-tabulated by dietary patterns, and significant differences were assessed by ANOVA for continuous variables or chi-square tests for categorical variables. Logistic regression was conducted to assess the independent effect of dietary patterns on preterm delivery related outcomes, including overall preterm delivery, spontaneous preterm delivery, iatrogenic preterm delivery, early/moderate preterm delivery as well as late preterm delivery. All covariates described above were entered into each regression model as potential confounders. The firth's correction was applied to improve the accuracy of the logit coefficients in the adjusted models referring to iatrogenic preterm delivery and early/moderate preterm delivery.
P < 0.05 was considered statistically significant. Cluster analysis was performed by R version 3.2.3 [27] , and the remaining analyses were performed using SPSS software version 20.0 (SPSS, Inc., Chicago, USA).
Results
Six clusters of dietary pattern were identified (Table 1) , namely the 'Milk' (n 1090, 14.8%), 'Cereals, eggs, and Cantonese soups' (n 1078, 14.7%), 'Meats' (n 1125, 15.3%), 'Fruits, nuts, and Cantonese desserts' (n 875, 11.9%), 'Vegetables' (n 1442, 19.6%), and 'Varied' (n 1742, 23.7%) patterns. 'Milk' had the most frequently consumed of milk products (including fresh milk, pasteurized milk, milk powder, and formula for pregnant women) and less frequently consumed of whole vegetables. 'Cereals, eggs, and Cantonese soups' had the most frequently consumed of staples such as rice, pasta, porridge, eggs, and Cantonese soups. 'Meats' had the most frequently consumed of red meat and processed meat. 'Fruits, nuts, and Cantonese desserts' had the most frequently consumed of fruits, nuts, and Cantonese desserts. 'Vegetables' had the most frequently consumed of leafy and cruciferous vegetables. 'Varied' was characterized by relatively frequent consumption of mixed foods, including noodles, bread, root vegetables, melon vegetables, mushrooms, sea vegetables, bean vegetables, processed vegetables, poultry, animal organ meat, fish, other seafood, bean products, yoghurt, sweet beverages, puffed food, confectioneries, and snacks.
Subject characteristics across the six dietary patterns are shown in Table 2 . There were significant differences in maternal age, education level, monthly income, parity, and passive smoking during pregnancy among subjects in these six groups. No significant difference regarding supplementation with folic acid, pre-pregnancy BMI and previous preterm delivery was found among subjects in these six groups.
The gestational length range was 27 + 6 to 42 + 1 weeks in our study. There were 351 women delivered preterm, taking up 4.8% of the total participants. Among these 351 women, 262 (74.6%) were spontaneous preterm delivery, 62 (17.7%) were iatrogenic preterm delivery, and the rest 27 (7.7%) cases were either spontaneous or iatrogenic preterm delivery. We are unable to classify these 27 cases because they did not deliver their babies at the GWCMC. Among 351 women who delivered preterm, 294 (83.8%) were late preterm and 57 (16.2%) were moderately or early preterm. The incidence of preterm delivery was highest (66 cases, 6.1%) in the 'Milk' group. Table 3 shows associations between dietary patterns and preterm delivery. Because the beneficial value of vegetables, we selected 'Vegetables' pattern as reference pattern. Compared with women in the 'Vegetables' group (reference), those in the 'Milk' group had significantly higher odds of preterm delivery after adjustment for potential confounders (OR 1.59, 95% CI 1.11, 2.29, p < 0.05). No significant difference in the odds of preterm delivery was observed among subjects in other patterns neither in the crude nor adjusted models.
When we analyzed secondary outcomes individually, we found significantly greater odds of spontaneous preterm delivery for women in the 'Milk' groups in comparison to those in the 'Vegetables' groups (adjusted OR 1.73, 95% CI 1.14, 2.62, p < 0.05). No significant association was found between iatrogenic preterm delivery and maternal dietary pattern. We also found significantly greater odds of late preterm delivery for women in the 'Milk' (adjusted OR 1.73, 95% CI 1.08, 2.62, p < 0.05), 'Cereals, eggs, and Cantonese soups' (adjusted OR 1.54, 95% CI 1.01, 2.35, p < 0.05) and 'Fruits, nuts, and Cantonese desserts' (adjusted OR 1.61, 95% CI 1.04, 2.50, p < 0.05) groups in comparison to those in the 'Vegetables' groups. No significant association was found between moderately or early preterm delivery and maternal dietary pattern (Table 3) .
By using 'frequencies' of 30 food groups as input variables in the cluster analysis, we also identified six dietary patterns and labeled them as 'Rich' (n 381, 5.2%), 'Milk-S' (n 864, 11.8%), 'Fruits' (n 930, 12.6%), 'Meats-S' (n 975, 13.3%), 'Moderate' (n 1735, 23.6%), and 'Prudent' (n 2467, 33.6%) patterns (Additional file 1: Table S5 ). The letter "S" was added after the pattern name (e.g. "Milk-S" and "Meats-S") to separate supplementary (from 'frequency' variables) and main (from 'percentage' variables) results. Additional file 1: Table S6 presents subject characteristics across the six dietary patterns. No significant association was found between these dietary patterns and overall preterm delivery. Compared with women in other dietary patterns, women in the 'Milk-S' group had significantly higher odds of spontaneous preterm delivery (adjusted OR 
Discussion
This is the first prospective study to examine the relationships between maternal dietary patterns and preterm delivery in a Chinese population with a relatively large sample size. Six dietary patterns of the Chinese were generated, represented by foods generally consumed by the Chinese frequently and the cultural Cantonese cuisine. Women in the 'Milk' group had greater odds of overall preterm delivery, spontaneous preterm delivery and late preterm delivery than those in the 'Vegetables' group. We also found that, compared with women in the 'Vegetables' group, those in the 'Cereals, eggs, and Cantonese soups' and 'Fruits, nuts, and Cantonese desserts' groups had increased odds of late preterm delivery. Our findings implied that maternal diet with frequent consumption of vegetables might contribute to lower odds of preterm delivery. Similarly, several studies suggested that vegetables are important components of protective dietary patterns to which women adhere may have lower odds of preterm delivery. In a large prospective cohort study in Norway, diets rich in vegetables and fruits, known as the prudent diet, are associated with a lower incidence of preterm delivery [14] . Another study in Singapore has shown that a dietary pattern high in vegetables, fruits, and white rice is associated with a lower incidence of preterm delivery [17] . Low vegetables intake might induce to inadequacy of antioxidants, which can reduce both systemic and local inflammation [28] and hence the risk of preterm premature rupture of membranes [29] . Insufficient intake of vegetables inhibits peristalsis and might lead to constipation during pregnancy [30, 31] , which might further impair fetal growth [32] .
Frequent consumption of milk and less frequent consumption of vegetables in our study was found to have higher odds of preterm delivery. Similarly, increased odds of preterm delivery were also found for a diet high in whole milk in the American population [15] . Our findings could be explained from the following aspects. Firstly, dairy is not consumed on a regular or daily basis for most of the Chinese [19] . The variety of dairy products in China is not as much as that in the Western countries. Milk (mainly cow's milk), including fresh milk and milk powder, is the main source of dairy products in China [18] . Yoghurt consumption is increasing in China; however, there is still a gap to catch up with the Western world. Dairy products (e.g. milk, cheese and yoghurt), high in dietary protein and calcium, are essential for fetal growth and skeletal development [33, 34] . Dairy is thus recommended in pregnancy dietary guidelines in different countries including China [35, 36] . Women in the 'Milk' group tended to consume whole milk more frequently, milk powder while they had yoghurt less frequently in their diet (Table 1) . Yoghurt products enriched with probiotics have been reported to be associated with a reduced risk of preterm delivery [9, 37] . Another possible explanation is that women having a frequent consumption of milk in our study might thus consider their diet healthy enough, without paying attention to the context of a balanced diet and the whole vegetables consumption.
In the subgroup analyses, we only found a significant association between dietary pattern and spontaneous preterm delivery for women in the 'Milk' groups in comparison to those in the 'Vegetables' groups. Our supplementary results obtained from 'frequency' variable support such finding. After stratification of preterm delivery according to gestational age, we only found significantly greater odds of late preterm delivery for women in the 'Milk' , 'Cereals, eggs, and Cantonese soups' and 'Fruits, nuts, and Cantonese desserts' groups in comparison to those in the 'Vegetables' groups. In agreement with our study, several studies also showed that the significant association was primarily driven by the higher incidence of spontaneous preterm delivery [14, 15, 17] and late preterm delivery [14] . It is speculated that dietary factors might only marginally reduce the progression to preterm delivery and the effect is therefore most easily detectable in late preterm delivery [14] . It appears that there is no significant association between maternal diet and iatrogenic preterm delivery or early/moderately preterm delivery in our study. Notably, only a single measure of dietary intake obtained from an FFQ was used in this study, limiting the validity of the finding. This is the first prospective study to examine the relationship between maternal dietary patterns and preterm delivery in a Chinese population with a relatively large sample size. The high participation rate in the cohort study and the availability of ultrasound data to confirm gestational age are additional major strengths. Previous studies exploring maternal dietary patterns and preterm delivery have mostly been conducted by using factor analysis to identify dietary patterns. Instead, we used cluster analysis, which can provide a clear description of exactly what is frequently consumed [38] . Our findings might thus be more valuable for a nutrition intervention design to target pregnant women in need. In addition, patterns obtained from cluster analysis in our study appear to better reflect the Asian dietary pattern than that from factor analysis conducted by He et al. in the same cohort [39] .
The present study had some limitations. Firstly, we did not collect data on food servings or portion sizes of food items, and were unable to calculate the amount of food consumption and adjust the total energy intake. However, it was suggested that individuals are generally incapable to describe food portions accurately [40] , and there are sustainable within subject variations in the indication of food quantities [41] . In contrast, a simple FFQ is sufficient to indicate actual intakes [42] . As previous studies [39, 43] , frequencies of food intake were used as a proxy for a quantitative indicator. Secondly, we assessed food intake 'in the past week' at 24-28 week of gestation. The information during this short period might not be representative of dietary habits throughout pregnancy. However, previous studies have suggested that overall dietary patterns differed minimally during pregnancy [44, 45] . Thirdly, we could not precisely distinguish women who were on special diets, which might affect the findings. However, such case is estimated to be rare in our study, as we have excluded women with pre-pregnancy hypertension or diabetes. Only four participants were reported as 'vegan'. Fourthly, more than 20% of the participants missed Q2 data. Finally, owing to the nature of the observational study design, we are unable to identify the causality between preterm delivery and diet. Residual confounders are likely to exist even after we have adjusted for several factors in the statistical analysis.
Conclusions
In conclusion, a maternal pregnancy diet with frequent consumption of milk and less frequent consumption of vegetables is found to be associated with increased odds of preterm delivery among Chinese women in the current large-scale birth cohort. Frequent consumption of vegetables should be recommended during pregnancy to prevent preterm delivery.
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